The mode of DNA-breaking actions of ascorbic acid (AsA) and triose reductone (TR) in the presence of Cu2+ was studied by use of 0.8% agarose slab gel electrophoretic analysis. The DNA-breaking actions of the mixture of AsA or TR and Cu2+ were inhibited by N2 gas, hydroxyl radical scavengers and catalase, indicating that the oxidation of AsA or TR by Cu2+ and the hydrogen peroxide and hydroxyl radicals resulting from the oxidation are essential for the fragmentation of DNA by the mixture of AsA or TR and Cu2+. However, the DNA-breaking activity of these reductones varied with pH, while their oxidation rates were pro portional to the increase in pH. The marked fragmentation of DNA occurred at pH 4, 7 or 8. The breakages of DNA by AsA or TR in the presence of Cu2+ were concluded not to be associated with the oxidation rates of reductones.
preposition that the breakages of chromosomal DNA might be one of the main initiative processes of these phenomena has been presented (12 , 13) .
In the DNA-breaking actions of enediol reductones, such as AsA and TR in the presence of Cu2+, free radical species are expected to be involved in the breakages of DNA (14, 15) , but the mechanisms of their DNA-breaking action are not elucidated. In the present paper, we have studied the more detailed mode of DNA-breaking actions of AsA and TR in the presence of Cu2+ , by using 0.8 agarose slab gel electrophoretic analysis which is widely used for detection of breakages of DNA. MATERIALS AND METHODS
1. Reagents. AsA was purchased from Wako Pure Chem. Co. TR was prepared from glucose by the usual method (16) . Calf thymus DNA was prepared by the SDS method (17) was lower than that of Cu2+ . No fragmentation of DNA occurred in the presence of Al3+, Zn2+, Pb2+, Nit+, Mn2+ and Co2+ . The effects of metal ions on the oxida tion of AsA or TR were studied by measuring the variation of absorptions of AsA and TR at the maximal wavelength of 267 and 292nm , respectively (Fig. 2) . It is evident that the absorbancies of AsA and TR decreased rapidly , especially in the presence of Cu2+ . In the cases of other metal ions, the decrease in the absorbancy was slight. These findings suggested that the oxidation of AsA or TR by Cu2+ was essential for their DNA-breaking actions. This was also confirmed by the facts that the fragmentation of DNA by the mixture of AsA or TR and Cu2+ was suppressed by N2 gas which inhibits the oxidation of reductones , as shown in Fig.3 scavengers on the DNA-breaking actions of AsA or TR in the presence of Cu2+ were tested (Figs. 4 and 5). As is evident from Fig. 4 , the breakages of DNA by the mixture of AsA or TR and Cu2+ is inhibited by catalase. Superoxide dismutase which inactivates superoxide had no inhibiting effect. These results indicate that hydrogen peroxide which is produced by oxidation of reductones by Cu2+ is deeply involved in the breakages of DNA. Figure 5 also shows that hydroxyl radical scavengers, especially 2-aminoethyl thiouronium bromide inhibited the fragmen tation of DNA by reductones. Similar results have been obtained by the viscometric and sucrose gradient centrifugal studies (15) . From these findings, it is suggested that the DNA-breakages by AsA or TR in the presence of Cu2+ are brought about through hydroxyl radical species generated from hydrogen peroxide which is formed by the oxidation of reductones by Cu2+ 
